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Disability in young people and adults after head injury:
5-7 year follow up of a prospective cohort study
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Background: Improvement 1-2 years after head injury is well established but the pattern thereafter is
unclear. Past studies have not examined representative head injury populations and typically report
findings in terms of functioning across social, psychological, neurobehavioural, or cognitive domains
rather than global outcome.

Objective: To determine the late outcome of a representative cohort of participants admitted to hospital
after a head injury 5-7 years previously and to identify early and late factors correlating with persisting
disability and change between one and 5-7 years.

Methods: A representative cohort of head injured people whose outcome one year dffer injury was
reported previously, were followed up 5-7 years after injury. Participants were assessed using structured
and validated measures of global outcome (Glasgow Outcome Scale Extended), cognitive impairment,
psychological wellbeing, health status, and social factors.

Results: Of 475 survivors studied at one year, 115 (24%) had died by seven years. In survivors at 5-7
years, disability remained frequent (53%); and the rate, similar to that found at one year (57%). Sixty three
participants (29%) had improved but 55 (25%) deteriorated. The persistence of disability and its
development dffer previous recovery each showed stronger associations with indices of depression,
anxiety, and low self-esteem than with initial severity of injury or persisting cognitive impairment.
Conclusions: Admission to hospital after head injury is followed 5-7 years later by disability in a high
proportion of survivors. Persistence of disability and development of new disability are strongly associated
with psychosocial factors that may be open to remediation, even late after injury.

a head injury who had been admitted to hospital in

Glasgow had a surprisingly high rate of persisting
sequelae when followed up one year later." This was found
even among those considered initially to have a mild head
injury, and the data indicated that annually 150 per 100 000
(95% Cl 138 to 169) young people and adults remain disabled
a year after head injury. The potential for long lasting
consequences highlighted the need to discover the status of
the cohort five years later, and to seek features associated
with disability.

Change in outcome can continue for several years after a
head injury but few previous studies make comparisons
between findings at one and 5-7 years in the same sample.*”
Even these studies fail to follow up a high proportion or a
representative sample of their original cohort. Indeed,
Corrigan ef al° note systematic bias in long term studies of
head injury because of selective loss to follow up of people
with socioeconomic disadvantage, a history of substance
abuse, or who were victims of violence. Where comparisons
in the same participants are made between 1-2 and 5-7
years, improvement and deterioration is reported in some
cases, > in employment,’” neuropsychological, and cognitive
functioning,””>” and in emotion and behaviour.”’ Only a
modest proportion of the variation in late outcome is
accounted for by the initial severity of brain injury,®” and
this relationship may weaken over time.’

However, most studies do not consider relationships
between cognitive, emotional, and injury factors in relation
to improvement and deterioration, but simply describe
outcome at five years or more after injury. These relationships
are relevant because even years after injury, factors might be
identified that are amenable to intervention to alleviate late
disability. The aims of the study now reported were therefore

ﬁ representative cohort of young people and adults with
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to determine the late outcome of a representative cohort of
participants admitted to hospital after a head injury 5-7 years
previously, to compare participants’ outcomes at one year,
and to identify early and late factors correlating with
disability and change between one and 5-7 years.

PARTICIPANTS AND METHODS

Sample

The cohort was recruited initially between February 1995 and
February 1996 from five general hospitals to which patients
with acute head injuries are admitted in Glasgow. During this
one vyear period 2995 young people and adults were
prospectively identified as being admitted to hospital with a
head injury and characterised. All of those with either a
severe injury (GCS = 8 or less, n = 102) or a moderate injury
(GCS 9-12, n=133) and a random sample of those with a
mild/minor injury (GCS 13-15, n=507) were selected for
follow up. This was achieved at one year in 74 participants
who had died and in 475 survivors.'

The names and dates of birth of the 475 survivors who
participated in the one year follow up study' were provided to
Greater Glasgow National Health Service Board (GGNHSB)
who confirmed their general practitioner’s identity using the
Community Health Index (CHI). This allowed each person to
be allocated as follows; not registered with a GP, no trace of
participant, moved outwith the GGNHSB area, deceased
(date of death provided), or registered with a GP. For the last
group, the name and telephone number of the GP was given.

Abbreviations: CHI, Community Health Index; DRS, Disability Rating
Scale; GGNHSB, Greater Glasgow National Health Service Board;
GOSE, Glasgow Outcome Scale-Extended.
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Participants who had moved outwith the GGNHSB area were
traced via their new Health Board. GPs were asked to report
any reasons why their patient should not be contacted.

Ethical approval
Approval for late follow up was given by the ethics committee
in each of the original recruiting hospitals.

Contact with potential participants

Participants in the one year follow up and identified as
suitable for the 5-7 year follow up were contacted by letter.
For participants not registered with a GP, or who were not
traced, the letter was sent to their last recorded address.
Those who refused or were not traced after several attempts
were considered lost to follow up. Consenting participants
were written to or telephoned to arrange an appointment.
The research assistant interviewed participants either at the
Southern General Hospital, or at home if the participant was
unable to travel. Consenting participants who were unable to
meet with the research assistant took part in a telephone
interview or completed a postal questionnaire. Participants
who were interviewed in person underwent the full assess-
ment/interview schedule, unless they declined part or all.
Assessment of cognitive and emotional status was not
possible for some people with reading, language, or learning
difficulties or from those for whom contact was only by
telephone or postal interview.

Assessments

Outcome

The principal index used to describe the cohort, as in the
initial study, was the Glasgow Outcome Scale-Extended
(GOSE). This has high interrater reliability and high validity,
including strong relationships with cognitive indices, self-
report indices of health, emotional and neurobehavioural
features, and with service need and social autonomy.'*"”> The
assessors in the present study (LW) and in the previous study
of outcome at one year (ST)' each independently assessed a
sample (n=12) of head injured adults. Interrater reliability
was extremely high (weighted Kappa of 0.97, 95% Cl 0.95 to
1.0) with perfect agreement in 10 of the 12 cases.
Disagreement in the two cases was by only one category on
the GOSE.

Physical health, employment status, and social
factors

Assessments used at one year were repeated: a modified
McKinlay Questionnaire," covering physical impairments,
problems/difficulties experienced, and care needs; an employ-
ment questionnaire and a review of services received.
Additional measures at the 5-7 year follow up were the
AUDIT,"” and the DAST-10" as indicators of alcohol use and
drug abuse respectively. The Barthel Index'” was used to
indicate disability in terms of activities of daily living. A
health history questionnaire was used to record reports of
further head injuries, hospital admissions, health problems,
and psychiatric/psychological problems. Social deprivation
was rated using an index, based on postal address codes.*

Emotional factors

Validated questionnaires used to assess aspects of mood
were: the Hospital Anxiety and Depression Scale,” a self-
report scale to assess anxiety and depression; the Perceived
Stress Scale*® to indicate current levels of stress; the
Rosenberg Self-esteem Scale’' as an indicator of self-esteem;
and the Multidimensional Health Locus of Control Scale* (to
provide information about beliefs about health).
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Cognitive functioning

Information processing was assessed using the Speed of
Comprehension Test,” verbal memory and learning using the
Auditory Verbal Learning Test** and Immediate and Delayed
Prose Recall,* and executive functioning using the Hayling
Test.” Each test was standardised to a z score, the scores
averaged and then transformed to a percentile score to obtain
an overall cognitive function score. Premorbid IQ was
estimated using a regression equation.*

Statistical analysis

The statistical presentation of the results is largely descrip-
tive, with proportions or means and standard deviations
reported as appropriate. Groups are compared formally using
x? tests for categorical variables and f tests for continuous
variables.

RESULTS

From the 2962 people in the original cohort, 769 participants
were selected for follow up at one year and this was achieved
in 71% (n = 549). The characteristics and categories of injury
severity in those traced were representative of the full
sample. One year after admission, 74 people had died, three
were in a vegetative state, 117 were severely disabled, 141
were moderately disabled, and 214 had made a good
recovery.

Figure 1 shows that of 475 survivors at one year, 334 (70%)
were successfully followed up at 5-7 years. Of 360 survivors
at 5-7 years, 219 (61%) consented to take further part and
provided information that enabled assignment of outcome on
the GOSE.

The 334 people who were followed up at 5-7 years
consisted of 266 males and 68 females with a mean age of
40.4 years at injury. The early features of survivors (sex,
initial severity, GOSE at one year, and index of social
deprivation) who were untraceable or did not respond were
well matched to the features of those who participated.
However there was a substantial imbalance in age (50%>40
years v 23%, see table 1, p<<0.001). This may be because
tracing was more successful in those who had died with all of
those who had died between 1 and 5 years after injury being
aged over 40.

Status of cohort 5-7 years after injury

Of the 219 survivors assessed at 5-7 years, 42 (19%) were
severely disabled, 73 (33%) moderately disabled and 104
(47%) had made a good recovery. Disability was frequently
found (53%), at a rate similar to that found at one year
(57%). Sixty three participants (29%) had improved but 55
(25%) deteriorated.

In terms of activities of daily living, 87% of 161 participants
were not disabled (Barthel Index; score 20) and less than 4%
severely disabled (scores<<10). Information on employment
at 5-7 year follow up was available for 217 participants.

Untraceable
n = 28 (6%)

Survivors at 1 year
n=475

Did not respond
n=77 (16%)

Refused
n =36 (8%)

Consented and took part
n=219 (46%)

Registered deceased
n= 115 (24%)

Figure 1 Recruitment of cohort at 5-7 year follow up.
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Table 1 Comparison of characteristics of participants
alive at one year with those traced and not traced at 5-7
years
Follow up Follow up not
achieved achieved
(total = 334) (total = 141)
5-7 year follow up n % n %
Age at injury
<40 years 167 50.0 109 77.3
>40 years 167 50.0 32 227
Sex
Male 266  79.6 118 83.7
Female 68  20.4 23 16.3
Initial severity
Mild 234 70.1 101 71.6
Moderate 60 18.0 22 15.6
Severe 33 9.9 12 8.5
Missing 7 2.1 6 4.3
Previous head injury
No 152 455 60 42.6
Yes 108 87248! 43 30.5
Missing 74 22.2 38 27.0
Other brain illness*
No 216 647 95 67.4
Yes 52 15.6 16 11.3
Missing 66 19.8 30 21.3
GOSE at 12 monthst
Vegetative state 3 0.9 0 0.0
Lower SD 51 15.3 9 6.4
Upper SD 45 13.5 12 8.5
Lower MD 69 20.7 34 24.1
Upper MD 24 7.2 14 9.9
Lower GR 34 10.2 13 9.2
Upper GR 108 323 59 41.8
Social deprivation rating at
5-7 years
Lower deprivation (<7) 159 47.6 54 38.3
Higher deprivation (>7) 144 431 68 48.2
Missing 31 9.3 19 13.5
*Mental prob|ems, stroke, or other condition requiring medical attention.
1SD, severe disability; MD, moderate disability; GR, good recovery.
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Before injury, 160 (74%) of these were working or seeking
employment, 49 (22%) were unemployed, and for eight (4%)
work was not appropriate. This compares to 121 (56%), 72
(33%), and 24 (11%) at 5-7 year follow up.

Early factors and outcome

Death between one and 5-7 years after injury was strongly
associated with age over 40 at time of injury (54% v 15%,
p<0.001), with a history of brain illness before the event that
resulted in recruitment to the original study (50% v 32%,
p =0.005), and with greater social deprivation (44% v 28%,
p =0.010). There was no association with severity of initial
injury and this ““late’”” mortality ranged from 36% after a mild
injury to 24% after a severe injury. Allocation to a disabled
outcome in survivors at 5-7 years was associated with an
initially severe injury (76% v 50%, p =0.036). Other early
factors (age at injury, sex, previous head or brain injury, or
social deprivation rating) were not significantly associated
with allocation to disabled or good outcome (see table 2).

Comparison of outcome one and 5-7 years after
injury

Table 3 shows that three participants judged to be vegetative
at one year died after a further one month, two years, and
five years. Of those severely disabled at one year 44 (46%)
died within 5-7 years. There was, however, little difference in
mortality in those with moderate disability or good recovery
at one year (30% v 28%). Among survivors assessed at
5-7 years, less than half (101 out of 219; 46%) remained in
the same GOSE category as at one year. Sixty three (29%) had
improved but 55 (25%) deteriorated.

Most survivors who were disabled at a year remained
disabled (89 out of 117, 76%) but 26/102 (25%) with a good
recovery at one year had become disabled by 5-7 years. Six of
the latter group were severely disabled: four had been
diagnosed with deteriorating neurological conditions (one
with Alzheimer’s disease, one with Lewy-Body dementia and

Table 2 Association between early characteristics of participants and outcome at 5-7
years
GOSE* at 5-7 year follow up (%)
Lower Upper Lower Upper Lower Upper
n Dead  SD SD MD MD GR GR
Age at injury
<40 years 167 15 5 5 19 13 17 26
>40 years 167 54 10 6 8 4 8 11
Sex
Male 266 33 6 5 14 8 14 20
Female 68 38 10 7 10 12 9 13
Initial severity (GCS)
Mild (13-15) 234 36 8 6 12 10 11 21
Moderate (9-12) 60 32 13 3 8 7 20 17
Severe (<9) 33 24 21 6 30 0 15 3
Missing 7 43 14 0 14 14 14 0
Previous head injury
No/missing 226 33 7 3 15 8 14 20
Yes 108 38 7 10 10 9 11 14
Previous other brain injury
No/missing 282 32 6 6 5 9 14 20
Yes 52 50 15 4 8 4 8 12
Social deprivation rating at 5-7
years
Lower deprivation (<7) 159 28 8 5 17 9 14 19
Higher deprivation (>7) 144 44 5 6 11 8 11 16
Missing 31 23 13 6 6 10 16 26
*SD, severe disability; MD, moderate disability; GR, good recovery.
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Table 3 Comparison of GOSE outcome between one and 5-7 years after injury
(percentage change in brackets)
GOSE* score at 5-7 years
Lower Upper Lower Upper Lower Upper
Dead SD SD MD MD GR GR Total
GOSE score at one
year
VS 3(100) © 0 0 0 0 0 3
Lower SD 26 (51) 13(25)  3(6) 5(10) 1(2) 2 (4) 1(2) 51
Upper SD 18 (40)  4(9) 10(22)  7(16) 2 (4) 3(7) 1(2) 45
Lower MD 20(29)  2(3) 4(6)  16(23) 10014 12(17)  5(7) 69
Upper MD 8(33) 0 0 5(21) 7(29) 2(8) 2(8) 24
Lower GR 7(21)  2(6) 1(3) 5(15) 2(6) 10(29) 7(21) 34
Upper GR 33(31)  3(3) 0 7 (6) 6 (6) 14(13) 45(42) 108
Total 115(34) 24(21) 18(5)  45(13) 28(8)  43(13) 61(18) 334
*VS vegetative state; SD, severe disability; MD moderate disability; GR good recovery.

psychosis, two with alcohol related dementia; respective ages
at injury 76, 66, 51, and 71) and two with a psychiatric
disorder (one of these was severely depressed and severely
abused alcohol and the other had a severe undiagnosed
depressive-like disorder). Diagnoses were provided by GPs
when contacted during the 5-7 year follow up, with the
exception of the patient who had the depressive-like disorder,
who was discovered by the research worker.

Improvement occurred in 56 participants disabled at one
year, 28 to a good recovery. These included seven who were
severely disabled at one year, six of whom initially had a mild
head injury.

Features relating to change in outcome between one
and 5-7 years
Change in occurrence of a disabled outcome was charac-
terised as either improvement from a category (GOSE) of
moderate or severe disability at one year to good recovery at
5-7 years (that is, Disabled to Good, 28 of 117, 24%) or
conversely worsening from good recovery at one year to
disabled at 5-7 (Good to Disabled 26 of 102, 25%).
Improvement from Disabled to Good outcome was not
strongly associated with age at injury (25% for participants
aged <40 v 22% for participants aged >40), sex (26% for
males v 17% for females) severity of injury (26% for mild v
21% for moderate/severe), previous head injury (21% with v
18% without), other brain illness (18% with v 21% without).

Likewise, deterioration from Good to Disabled outcome was
not strongly associated with these “early” features (26% for
participants aged <40 v 25% for participants aged >40), sex
(26% for males v 23% for females), severity of injury (28% for
mild v 17% for moderate/severe), previous head injury (25%
with v 26% without), other brain illness (22% with v 29%
without). There were however, strong associations between
cognitive and emotional factors assessed 5-7 years after
injury and change in GOSE category between one and 5-7
years. This was investigated using separate ¢ tests to compare
Disabled at one and 5-7 years with Disabled at one year
improving to Good at 5-7 years (see table 4). Improvement
from Disabled to Good was strongly associated with lower
self-ratings for depression, anxiety, and stress and with
higher self-esteem.

This group also had a significantly higher overall cognitive
percentile score (p = 0.038), with significantly better speed of
information processing and a trend towards better verbal
memory. Alcohol use did not differ between these groups and
drug abuse was rare.

Deterioration from Good to Disabled outcome was asso-
ciated with high ratings for depression, anxiety, stress, and
lower self-esteem (table 5). Mean values for these measures
were similar to values in those disabled at both one and 5-7
years. Alcohol use was highest in the Good to Disabled group.
In contrast, performance on cognitive tests did not differ
significantly between those with a sustained good outcome

disabled ot one year

Table 4 Cognitive and emotional findings at 5-7 year follow up in participants who were

disability at 5-7 year

Disabled at one year and persisting Disabled at 1 year improving to

Good recovery at 5-7 year

n Mean SD Range n Mean SD Range p Value
Depression* 42 8.5 4.1 11019 15 52 23 2to 1l 0.004
Anxiety* 42 12.1 48 11021 155 8.3 3.6 2to15  0.007
Self-esteemt 45 4.7 29 O0to10 15 25 27 O0to9 0.012
Perceived Stresst 45 3.5 84 10to51 15 238 8.6 91036 0.003
Alcohol§ 65 10.5 95 0to34 18 104 74 11034  0.976
Drugs 59 0.5 1.8 0t 9 13 0.3 06 0to2 N/A
Memory: delayed 34 146 112 0to47 14 209 100 0132 0.075
recall**
List learning** 34 398 131  9to 65 13 448 94 251059 0.213
Executive functiontt 35 15.3 4.6 7 to 21 15 165 3.9 7121 0.390
Speed of 31 44.6 196 1009 15 573 189 30t098 0.044
Comprehensiont
Overall cognitive 27 246 21.0 O0Oto76 13 402 227 31065 0.038

score

*Hospital Anxiety and Depression Scale; TRosenberg Self-Esteem Scale; $Perceived Stress Scale; §Alcohol Use
Disorder Test; §Drug Abuse Screening Test; **Coughlan Battery; 1tHayling Test; $1Speed and Capacity of
Language Processing Test. Greater impairment is associated with higher scores for * fo ¢ and lower scores for ** to

).
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made a good recovery at one year

Table 5 Cognitive and emotional findings at 5-7 year follow up in participants who

Sustained good recovery

Good recovery at one year

score

at 5-7 years worsening to Disabled at 5-7 years

n Mean SD Range n Mean SD Range p Value
Depression* 41 29 28 O0to? 13 8.9 40 3to16 <0.001
Anxiety* 41 6.4 46 Otol16 13 11.9 35 6117 <0.001
Self-esteemt 43 1.7 1.9 Ot 8 13 5.0 19 2t08 <0.001
Perceived stresst 41 21.7 87 71044 13 33.8 6.8 231043 <0.001
Alcohols 51 10.5 74 01036 17 196 135 O0to40 0.001
Drugs 44 0.2 07 Oto3 14 1.8 25 0to8 N/A
Memory**: delayed 38 156 13.0 0t 48 10 168 104 Oto 34 0.781
recall
List learning** 37 450 136 Oto74 10 427 135 251065 0.637
Executive functiontt 36  16.4 3.8 8t022 11 16.5 4.1 8to 21 0.994
Speed of 36 607 180 20to 100 11 534 209 171081 0.257
comprehensiont
Overall cognitive 35 363 276 3t95 10 311 299  1t084 0.610

).

*Hospital Anxiety and Depression Scale; tRosenberg Self-Esteem Scale; tPerceived Stress Scale; §Alcohol Use
Disorder Test; 9Drug Abuse Screening Test; **Coughlan Battery; ttHayling Test; $1Speed and Capacity of
Language Processing Test. Greater impairment is associated with higher scores for* to ¢ and lower scores for ** to

and the group who had deteriorated from a Good to a
Disabled outcome. Rating scores for emotional factors were
similar in the Good-Disabled group and in those remaining
persistently disabled.

Rehabilitation and therapy services

Only 16 (7.3%) participants followed up at 5-7 years reported
using any rehabilitation service or therapy when asked by
free recall and given a checklist of possible options.

DISCUSSION

These findings in survivors assessed 5-7 years after admis-
sion to hospital after a head injury show that the overall rate
of disability is very similar to that observed at one year. In the
majority of participants, this reflected persistence of disability
from the earlier assessment. Some participants who were
disabled at 1 year had improved to a state of good recovery at
5-7 years but these were counterbalanced by a decline in
outcome in some considered to have recovered well at one
year. Death was associated with age and not with severity of
injury. This is consistent with other studies that report a
relatively small reduction in life expectancy if mobility is
regained”” as expected in most people with head injury and as
found in our cohort.

Most other studies on late outcome one and five years after
injury have used a cross sectional design and consider
improvement or decline within the cohort. Where comparisons
have been made these have often been between specific, limited
aspects, not “global” measures of outcome. An exception is the
prospective study by Hammond ef a’ where 301/927 people
were followed up using the Disability Rating Scale (DRS) one
and five years after a head injury. They report fewer people with
change in disability (25% of cases) than found here (54%), with
in particular fewer people becoming disabled (7%). Those
successfully followed up by Hammond had higher levels of
education and any differences in initial injury severity from
those not followed up are not reported. The difference may
reflect the more limited focus of the DRS which was introduced
to track people through rehabilitation and is less sensitive to
recovery of community and social status. Other studies® with
follow up at two and five years report more limited aspects of
outcome, with a tendency at later follow up for overall
improvement in independent living and use of transport,
deterioration in employment status, but a higher incidence of
emotional problems.
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In the present study, the “biological factors” of the initial
severity of head injury and age continued to show some
relationship with outcome at 5-7 years. Other studies of
outcome at five years after injury find age and/or severity of
injury to be generally predictive of global outcome.””**
However we found that the association between these
variables at 5-7 years largely reflected their association with
the distribution of outcome one year after injury. Thus,
neither age nor initial severity of injury showed a clear
association with deterioration or improvement in survivors
between one and 5-7 years. Likewise, although there was an
association between cognitive impairment and severe dis-
ability (either persisting or developing after one year), this
association was not evident at these times for the occurrence
of moderate disability.

In contrast to these findings, there was clear evidence of
associations between adverse self-ratings of emotional well-
being and moderate or severe disability. This applied both
when disability had persisted and when it had developed
between one and 5-7 years. The relatively low incidence of
disability in terms of activities of daily living at 5-7 years
further emphasises a relationship between emotional factors
and global outcome. This study cannot determine to what
extent emotional factors caused disability, or were a
consequence of it. Nevertheless, the findings point at least
to a potential for benefit from interventions appropriate to
psychological factors, even several years after injury. A higher
alcohol intake between one and 5-7 years was strongly
associated with deterioration from good to disabled outcome.
So few of the participants studied reported having received
rehabilitation that there could be no meaningful analysis of
the possible effect of this intervention. Clarification of this
will require further study.

A unique strength of this study is that participants were
drawn from a cohort that was recruited immediately after
injury and was structured to represent the spectrum of head
injured victims. This enabled investigation of prospectively
collected information about features in the acute stage, at one
year and at 5-7 years. The follow up rate at 5-7 years was
very similar to that achieved at one year, and is high for the
head injured population. Although the absence of informa-
tion from 30% of potential participants calls for caution in
extrapolating to community rates, the close similarity in the
carly and one year features of the participants assessed and
those not available supports the view that disability may not
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be substantially less frequent in the latter. The structured
approach to assessment and the very high interrater
reliability between research workers at one and 5-7 years
means that little of the change in disability found is
attributable to inconsistency. The validity of the change in
disability indicated by the GOSE is strongly supported by
striking contrasts found in specific psychological assessments
in participants whose disability status had changed.

Although there is a need for caution in extrapolating from
these findings, they support the view of a high community
burden from disability after head injury. Other studies
emphasise the negative impact of psychosocial problems on
people with brain injury and their relatives 5-7 years after
injury.” The evidence we found of an association between
potentially remediable psychosocial factors and the extra-
ordinary low access to rehabilitation point to the need to
establish if there is benefit from systematic, coordinated
services for the care and treatment of head injured victims.*

Since this cohort was first recruited, there has been a major
investment in community services for head injury in
Glasgow, and the evaluation of the benefit of this service
should guide similar developments in other urban and in
rural areas. Interventions that might alleviate late disability,
either by promoting recovery or preventing or reversing
deterioration need to be developed and evaluated. Further
prospective, longitudinal studies need to identify what forms
of intervention are associated with beneficial effects, but
definitive, rigorous evidence will require prospective rando-
mised comparisons, of which there are few to guide practice
in this field.

In conclusion, admission to hospital, even after what was
judged conventionally to be a minor head injury, is followed
5-7 years later by disability in a high proportion of survivors.
Both persistence of disability and the development of new
disability are associated strongly with psychosocial factors
that may be open to remediation, even late after injury.

ACKNOWLEDGEMENTS

We thank Dr C Roy for his contribution to the development of the
study. The study was funded by the Chief Scientist Office (CZH/4/48).

Authors’ dffiliations

L Whitnall, G M Teasdale, Department of Neurosurgery, University of
Glasgow, Southern General Hospital, Glasgow, UK

T M McMillan, Department of Psychological Medicine, University of
Glasgow, Gartnavel Royal Hospital, Glasgow, UK

G D Murray, Division of Community Health Sciences, University of
Edinburgh Medical School, Edinburgh, UK

Competing inferests: none declared

REFERENCES
1 Thornhill S, Teasdale GM, Murray GD, et al. Disability in young people and
adults one year affer head injury: prospective cohort study. BMJ
2000;320:1631-5.
2 Brooks N, Campsie L, Symington C, et al. The five year outcome of severe
blunt head injury: a relatives view. J Neurol Neurosurg Psychiatry
1986,49:764-70.

21
22

23
24

25
26

27

28
29

30

645

Olver JH, Ponsford JL, Curran CA. Outcome following traumatic brain injury:
A comparison between 2 and 5 years dfter injury. Brain Inj 1996;10:841-8.
Sander AM, Kreutzer JS, Rosenthal M, et al. A multicenter longitudinal
investigation of return to work and community integration following fraumatic
brain injury. J Head Trauma Rehabil 1996;11:70-84.

Hammond FM, Grattan KD, Sasser H, et al. Five years after traumatic brain
injury: a study of individual outcomes and predictors of change in function.
NeuroRehabilitation 2004;19:25-35.

Corrigan JD, Harrison-Felix C, Bogner J, et al. Systematic bias in traumatic
brain injury outcome studies because of loss to follow-up. Arch Phys Med
Rehabil 2003;84:153-60.

Keyser-Marcus L, Brocout JC, Wehman P, et al. Acute predictors of return to
employment after traumatic brain injury: A longitudinal follow-up. Arch Phys
Med Rehabil 2002;83:635-41.

McMillan TM, Jongen EL, Greenwood RJ. Assessment of post-traumatic
amnesia after severe closed head injury: retrospective or prospective? J Neurol
Neurosurg Psychiatry 1996,60:422-7.

Millis SR, Rosenthal M, Novack TA, et al. Long-term neuropsychological
outcome after traumatic brain injury. J Head Trauma Rehabir
2001;16:343-55.

Wilson JTL, Pettigrew LEL, Teasdale GM. Structured Interviews for the
Glasgow Outcome Scale and the extended Glasgow Outcome Scale.
Guidelines for their use. J Neurotrauma 1998;15:573-85.

Mazaux JM, Masson F, Leven H, et al. Long-term neuropsychological outcome
and loss of social autonomy after traumatic brain injury. J Head Trauma
Rehabil 1997,78:1316-20.

Wilson JTL, Pettigrew LEL, Teasdale GM. The emotional and cognitive
consequences of head injury in relation to the Glasgow Outcome Scale.

J Neurol Neurosurg Psychiatry 2000,69:204-9.

Roy CW, Thornhill S, Teasdale G. Identification of rehabilitation problems
after head injury. Brain Inj 2002;16:1057-63.

McKinlay WW, Brooks DN, Bond MR, et al. The short-term outcome of severe
blunt head injury as reported by relatives of the injured persons. J Neurol
Neurosurg Psyliahy 1981,44:527-33.

Babor TF, Ramon de la Fuente J, Saunders J. AUDIT: The Alcohol Use
Disorders Test: Guidelines for use in Primary Care. World Health
Organisation (WHO), 1992.

Skinner HA. The Drug Abuse Screening Test (DAST). Toronto: Centre for
Addiction and Mental Health, 1982.

Mahoney FI, Barthel DW. Functional evaluation-the Barthel ADL Index. Md
State Med J 1965;14:61-65.

Scottish Executive. Fair Shares for All: Final Report. National Review of
Resource Allocation. Edinburgh: Scottish Executive, 2000.

Snaith RP, Zigmond AS. The Hospital Anxiety and Depression Scale.
Berkshire: NFER-NELSON, 1994.

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress.
J Health Soc Behav 1983;24:385-96.

Rosenberg M. Society and the Adolescent Self-image (reprint edition).
Middletown, CT: Wesleyan University Press, 1989.

Wallston KA, Wallston BA. Health locus of control scales. In: Lefcourt, H (ed).
Research with the locus of Control Construct, vol 1: assessment methods. New
York: Academic Press, 1978.

Baddeley A, Emslie H, Nimmo-Smith |. The Speed and Capacity of Language-
Processing Test. Bury St Edmunds: Thames Valley Test Company, 1992.
Coughlan AK, Hollows SE. The Adult Memory and Information Processing
Battery (AMIPB). Leeds: Psychology Department, St James University Hospital,
1985.

Burgess PW, Shallice T. The Hayling and Brixton Tests. Bury St Edmunds:
Thames Valley Test Company, 1997.

Crawford JR, Millar J, Milne AB. Estimating pre-morbid IQ from demogrophic
variables: A comparison of a regression equation vs. clinical judgement.
Br J Clin Psychol 2001;40:97-100.

Strauss DJ, Schavell ERM, Anderson TW. Long term survival of children and
adolescents affer traumatic brain injury. Arch Phys Med Rehabil
1998,79:1095-100.

Masson F, Vecsey J, Salmi LR, et al. Disability and handicap 5 years after a
head injury: A population based study. J Clin Epidemiol 1997;50:595-601.
Asikainen |, Kaste M, Sarna S. Predic'fing late outcome for patients with
traumatic brain injury referred to a rehabilitation programme: a study of 508
Finnish patients 5 years or more after injury. Brain Inj 1998;12:95-107.
McMillan TM. Rehabilitation services and their delivery. In: Wilson BA, ed.
Neuropsychological rehabilitation theory and practice. Swets and Zeitlinger:
Lisse, 2003:271-92.

www.jnnp.com



